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COMPOSITE DAMAGE DETECTION USING A NOVEL
ULTRASONIC METHOD

T. C. Miller Bob Lasser Burt VanderHeiden
Air Force Research Lab Imperium, Inc. Alliant Techsystems, Inc.
10 E. Saturn Blvd. 1738 Elton Rd., Ste. 218 P.O. Box 98

Edwards AFB, CA 93524*

ABSTRACT

The nondestructive evaluation (NDE) of complex composite
structures often requires labor intensive, expensive methods due
to multiple failure modes, difficulty detecting damage, and the
large scale of the structures. Conventional NDE methods have
been successful but can be improved by‘incorporating ideas from
other fields. In this work, the technology developed in the in-
frared camera industry is used and incorporated into an ultra-
sound system to produce an inspection tool with a wide field of
view that displays video images of damage in composite struc-
tures in real time. Benefits are higher sensitivity, increased in-
spection speed, and intuitive interpretation of results.

INTRODUCTION

Improvements in manufacturing reliability will have rewards pro-
portional to the cost of the item, the number of items produced,
and the probability of a defect in a single item. High payoffs exist
whenever there are any advancements inspection capability for
solid rocket motors (SRM’s), whether during the actual man-
ufacturing process itself, or afterwards during storage or han-
dling. These are high payoffs because potential failure threatens
life and property and because of the high cost of the hardware
and its payload. Although industry has improved the produc-
tion of solid rocket motors, the motors still contain defects and
may be damaged during handling or storage. If we can improve
the methods by which we inspect solid rocket motors during
manufacturing and after-production, the resuit will be improved
reliability and reduced cost.

Strategies for improved reliability include health monitoring sys-
tems, live testing of stockpile ordnance, and nondestructive eval-
uation. NDE is very useful because it can be applied to existing
systems and no motors are sacrificed. High reliability is ensured
by using multiple methods of nondestructive evaluation, for ex-
ample, X-ray methods and ultrasonics may be used as inspection
tools. Advantages specific to ultrasonics include subsurface flaw
detection and automation capability. One disadvantage is that
the use of transducers produces point-wise data that makes full
inspection of a large SRM tedious. Additionally, there may be
impedance mismatch problems as the ultrasound wave attempts
to travel through different layers of very dissimilar materials (for
example, through a metal case into a rubber layer). The pres-
ence of thin layers also may give multiple reverberations that are
hard to distinguish from each other. Another issue is whether
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the waves can penetrate into the SRM. materials (especially the
propellant) without loss of signal due to dispersion within the
material. [1]

In this paper, we introduce an innovative ultrasonic method that
is flexible and adaptable. The time integration of ultrasonic
signals improves the sensitivity of the system and solves problems
with penetration of dispersive materials. The improved field of
view greatly improves the speed of ultrasonic inspections. This
new method is useful to the SRM industry in general (both
government and industry), but will also be useful in many other
commercial sectors.

‘PROBLEM STATEMENT

We have already mentioned some difficulties associated with
inspection of solid rocket motors. The Air Force was looking for
an easy to use, portable inspection system that could be used
with existing munitions. However, the most important desired
attribute was flexibility because the number of materials used
in the motor and their dissimilarity gives rise to a multitude of
inspection scenarios. :

For example, frequently the inspection method must be able to
penetrate an external cork insulation layer. This layer has prop-
erties substantially different from the underlying case. Also, the
cork layer may separate from the case and the debonds need to
be detected and characterized. The case material may be either
metal or composite, but composites are being used increasingly
due to improvements in performance and reductions in cost.
However, composites are more difficult to inspect, may have
multiple modes of damage (e.g., delaminations, fiber breakage,
matrix damage), and may have hard to spot impact damage.

"Within the case are multiple layers of additional materials that

may contain defects. An insulation layer and a rubber liner layer
are also present, as well as a thick layer of a highly filled poly-
mer (the propellant). Delaminations may occur between any of
these layers and can be critical defects that must be detected
and quantified. [2]

Because of the multiple requirements, several means of inspec-
tion are required. Any system that could improve one or more
of these inspection processes and that could work on existing
ordnance would be desirable. Flexibility in a system would allow
for more than one of these issues to be addressed. Cost effec-
tiveness is also an issue if the SRM industry is to embrace the
new technology. The innovation in ultrasonic methods described
here uses the fusion of two technological areas to produce a flex-




ible system that is cost effective and easy to use with solid rocket
motor components.

EXPERIMENTAL APPARATUS

Frequently a significant innovation is made by taking two sepa-
rate ideas and combining them to form a new capability. An ob-
vious example is snowboarding, which incorporates skateboard-
ing and snow skiing features. A more technical example is verti-
cal take-off and landing aircraft, which incorporates ideas from
rotary and fixed wing aircraft to produce a new vehicle with
both efficient forward propulsion and ability to land in small fa-
cilities. The ultrasonic system introduced here is a fusion of
infrared camera and ultrasonics technologies, and solves several
problems found with conventional ultrasonics.

infrared cameras make use of two-dimensional arrays of sensors
that integrate the effects of exposure to light over a certain
time frame. This is a key feature of the ultrasonic system de-
veloped here, which uses a single piece of piezoelectric material
applied to a conventional infrared two-dimensional array. The
most important improvement when using such an array is that it
enlarges the field of view of the system, making scanning of large
objects much faster. Also, for this system the ability of each el-
ement on the chip to integrate the signal over the time span of
a video frame (33 ms) greatly improves the signal-to-noise ratio
(S/N ratio) of the system, making it possible to see into more
dispersive materials and/or to find smaller defects in materials
under inspection. An additional benefit is that intuitive inter-
pretation is possible, since ultrasonic waves create voltages that
are recorded as gray scale video images. This reduces cost and
improves system reliability further through reductions in person-
nel requirements and training. Finally, the piezoelectric material
is sensitive to a wide range of ultrasonic frequencies (250 kHz
to 15 MHz), so that changing frequencies can be accomplished
merely by swapping ultrasonic source transducers. The current
setup uses an array of 120x120 pixels (14,400 pixels per im-
age) embedded onto a chip that is 1 cm wide (see Fig. 1).
The piezoelectric material is PVDF and is manufactured with
a poling technique; the process makes the material sensitive to
ultrasonic perturbations while minimizing " cross-talk” between
the array elements. Future chips will incorporate preamplifiers
and peak detectors for each element. [3-10] :

The ultrasonic camera is part of the system depicted in Fig. 2;
other subsystems include the acoustic lens system and the ul-
trasonic transmitter. This transmitter is a large-area unfocused
transducer that produces a collimated plane wave that pene-
trates the object (in this case a solid rocket motor consisting of
different layers of dissimilar materials). Because of the dispersive
nature of the materials, a low frequency was chosen (1 MHz).
The low frequency penetrates the materials but with an associ-
ated wavelength that can still detect small defects. The wave
is scattered by defects in the material and the affected wave
containing information on the location and size of the defects is
then focused by the acoustic lens system. This consists of three
lenses machined from polystyrene: a large (127 mm diameter)
field lens positioned close to the target and two smaller focusing
lenses (76.2 mm diameter) mounted close to the array. The two
smaller lenses move in tandem to provide focusing. The field of
view for the system is 76.2 mm. [11]

Currently, the system has been tested in through-transmission
mode and in pulse-echo mode in a water tank (shown in Fig. 3).
In the final version, each of the subsystems (transmitter, re-
ceiver, and focusing lens) will be incorporated into a portable
unit that operates in pulse-echo mode, allowing us to inspect
motors from the external surface (see Fig. 4). Water coupling
of the system and inspection part will be accomplished using a
weep system. [11]
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Figure 1: Two-Dimensional Ultrasonic Sensitive CMOS
Array

RESULTS

Currently the system is being used in through-transmission mode
and in pulse-echo mode to study impact damage and delamina-
tions in solid rocket motor specimens. Typical specimens are
203.2 mm by 203.2 mm with 6.35 mm of graphite-epoxy com-
posite motor case and 6.35 mm of rubber liner layer. Impact
was introduced using a calibrated impact system and produces
damaged regions 25.4 mm in diameter. Figure 5 shows the im-
ages from the system. These images are available in real time
and are recorded onto videotape for later retrieval. In Fig. 5, the
left image is a defect free zone and the right image is a 25.4 mm
diameter delamination in the case material in a graphite-epoxy
case/rubber liner specimen.

Additional results show the ability to discern impact damage
in honeycomb specimens (Fig. 6) and the ability to use gating
techniques to change the depth examined and the depth of field.
The minimum detectable defect size depends on the frequency
and hence the wavelength) of the transmitter used. At 5 MHz
the frequency used for the composite in Fig. 6). the defect res-
olution capability was 0.5 mm, but at the 1 MHz frequency it is
2.5 mm.

SUMMARY AND CONCLUSIONS

A new ultrasonic inspection system is being developed and
adapted to the requirements of the solid rocket motor industry.
The system uses infrared camera technology as a key innovation,
resulting in a flexible system. Key advantages are large field of
view, intuitive real-time interpretation of results, and higher sig-
nal to noise ratio. The system has been tested with solid rocket
motor components including graphite epoxy motor cases and
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Figure 2: Schematic of Complete Ultrasonic System in
Both Through-Transmission and Pulse-Echo Mode

Figure 3: Experimental Setup for Ultrasonic NDE Sys-
tem Using Through-Transmission and Pulse-Echo Modes

Figure 4: Prototype of Portable Version of Ultrasonic
System




Figure 5: Defect-Free and Impact Damaged Region in
Graphite Epoxy Motor Case Specimen

Figure 6: One-Inch Field of View of Honeycomb Com-
posite Specimen

has successfully found impact damage in these cases. The sys-
tem also inspects honeycomb composites and can find defects in
these composites. Other possible uses being investigated are the
detection of debonds in the composite case-rubber liner layer,
real-time recording of damage evolution in propellants during
tensile testing. Future improvements include incorporation into
a portable unit. Other commercial sectors may benefit, as the
unit could be used for subsurface defect detection in piping, pres-
sure vessel, and semiconductor industries. The medical imaging
industry would also be able to make use of the system. Vascu-
lar, muscular, and skeletal imaging is possible without speckle
effects prevalent in current systems.
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